In a series of 117 patiCl/ts of all ages who were foulld to have acute appendicitis with perforation, it was found that continuous peritoneal lavage started immediately after appendicectomy had a significant effect in reducing the morbidity and complication rate of this condition. The treatment lasted on average 18 hours and approximately 40 litres of dialysate were ttsed per patient. Treatment u'as continued until the effluent was macroscopically clean.
In a series of 117 patiCl/ts of all ages who were foulld to have acute appendicitis with perforation, it was found that continuous peritoneal lavage started immediately after appendicectomy had a significant effect in reducing the morbidity and complication rate of this condition. The treatment lasted on average 18 hours and approximately 40 litres of dialysate were ttsed per patient. Treatment u'as continued until the effluent was macroscopically clean.
Acute appendicitis is a common disease, and an important complication is a perforated or ruptured appendix. The incidence of perforation varies widely, from 3 to 28% (Laube and Weise 1968) . This would seem to be due in part to the speed in which patients reach surgery. In Sundsvall Hospital, which is a large general district hospital sub serving 130,000 people in an approximately 25 mile radius there are annually approximately 200 emergency admissions for acute appendicitis, and of these, in about one in six the appendix is found, at operation, to be perforated. Continuous peritoneal lavage has been found to be of considerable clinical benefit in the treatment of peritoneal inflammation, whether this be due to acute pancreatitis (Gjessing 1967 a) or perforated peptic ulcer and so it was decided to extend this treatment to other types of peri toni tis.
Since 1970 we have used continuous peritoneal lavage in patients who at operation are found to have a perforated inflamed appendix. Since the introduction of this service has been a gradual one dependant upon the choice of the individual surgeon, this has enabled us to obtain a contemporaneous group of patients with the same clinical condition treated in the same hospital but who had not received lavage treatment and so who could act as controls when comparing the results of the lavage treatment.
It was decided to review all cases of perforated acute appendicitis admitted over a six year period 1969-74 to determine if the treatment had made any difference to the clinical outcome.
THE TECHNIQUE OF PERITONEAL LAVAGE
The technique of peritoneal lavage used, was that during the appendicectomy operation, if the appendix was macroscopically ruptured, the surgeon introduced a peritoneal dialysis catheter into the abdomen through a separate small sub-umbilical mid-line incision, and manipulated the tip so that it lay in the Pouch of Douglas. Immediately on arrival at the post operative ward this catheter was connected to the dialysis equipment, and two litres of dialysis fluid rapidly instilled and then allowed to escape by gravity into the appropriate collecting bags. The cycle was repeated again and again until the returning dialysate was macroscopically clear. The turnover rate was initially high (3-4 litres/hour in adults) but as the returning dialysate became clearer the turnover rate was slowed down. The procedure lasted on average 18 hrs (range 6-24 hours), and the mean volume used was 40 litres over this period. These volumes were proportionately less in children. The dialysis fluid used was moderately hypertonic (1'5%) and to each litre 25 mg of ampicillin was added. Some care needed to be exercised to avoid derangements of body water balance, but this did not prove to be a major clinical or nursing problem.
THE PATIENTS
A total of 117 patients (75 males, 42 females) with perforated acute appendicitis have been treated with peritoneal lavage and these are compared with 71 patients, also with perforated acute appendicitis but who did not receiYe the lavage treatment. The total of ]88 cases represents all cases of perforated appendicitis admitted over the six year period ] 969-74. Table 1 lists the cases as they were collected over this period. It will be seen that the proportion per annum of patients receiving the lavage treatment increased rapidly over this period as the different surgical teams in the hospital became conyinced that the lay age treatment was to the patients benefit. The hospital has an active paediatric unit, and many children present with acute appendicitis. It was ohseryed that the incidence of perforation among children under 10 years with acute appendicitis was twice that of adults, over 20 years of age. Age has not proyed a barrier to the use of the technique, and many of these children were treated with peritoneal lavage in the immediate post appendicectomy period. Table 2 lists the number of treated patients according to age group. For comparatiye purposes all patients admitted over the same six year period with macroscopically gangrenous appendicitis but no obvious perforation were also assessed. There were 153 such patients.
Among the surgical complications of acute appendicitis that can occur are wound infection, intra-abdominal or pelvic abscess formation, and general peritonitis with a paralytic ileus. The more severe the appendicitis the more is the likelihood of these developing. Table 3 lists the incidence of these as they occurred in the three groups of patients. Twenty-one per cent of patients with perforated appendicitis who were treated with peritoneal lavage in the immediate post operative period deyeloped one or more of these complications, and this figure may be compared with 20% of patients with gangrenous appendicitis who also experienced such complications. In contrast 32% of patients with perforated acute appendicitis hut who were not treated with peritoneal lavage developed one or more surgical complication (Table 3) . This difference between the two groups of patients with perforations, in respect to the prevention of surgical complications is statistically significant (X 2 =2 ·825 P<O ·05). Thus the effect of the lavage regime was to reduce the surgical complication rate to that of a simple gangrenous appendicitis.
A strong clinical impression was that if surgical complications did develop they were much less severe if the patient had received the lavage treatment. Of necessity patients who develop surgical complications stay longer in hospital, and this provided a means of testing this clinical impression. Table 4 lists the average number of days that the patients stayed in hospital. In the Table each of the three groups of patients are divided into those who did, or did not, develop surgical complications, and the average in-patient time for each subgroup is given. It will be seen that among the uncomplicated cases the peritoneal lavage treatment had little effect on the time spent in hospital. However, among those who developed complications the average length of time in hospital was nearly three days less for those who received lavage treatment. That is to say that if complications did develop they were much less severe in this group of patients than in the remainder, so that the treated patients were able to be discharged home earlier.
Two other non-quantifiable clinical impressions were noted. Patients who were treated with lavage appeared to experience less pain in the post operative period (and were less toxic) than those not treated with lavage therapy. This effect has been noticed in other conditions with severe peritoneal inflammation that were treated with peritoneal lavage treated patients regained bowel mobility as judged by the return of the bowel sounds more quickly than the untreated patients. However, objective quantitative data on this is lacking, and ethical considerations now prohibit going back simply to verify this.
DISCUSSION
Perforated appendicitis is a potentially lethal condition. Ackerman (1974) reported four deaths out of 53 patients with this condition. It also has a high morbidity, thus Ackerman (1974) also observed a wound infection rate of 44%. This may be compared with the 21% incidence observed among our non-lavaged patients, and is in marked contrast to the 13% observed among our lavage treated patients. Holgersen et al. (1971) observed a wound infection rate of 24% in a series of 100 children with a perforated appendix-drawn from a total of 314 children with acute appendicitis. This incidence of perforation is similar to our observed incidence of 15% of all cases of acute appendicitis for all ages but twice as common in children. Apart from death, the complications of a perforated acute appendicitis can be very severe and Holgersen describes one child who took six months to recover from the various complications. Clearly any technique which offers a possibility of reducing this morbidity is worth considering.
The act of washing out a contaminated peritoneal cavity is a well established surgical practice (Price 1905) , but is usually confined to a single washout episode at operation. Reports of continued peritoneal lavage for severe peritoneal inflammation are usually of isolated cases where the technique has been a last resort (Dalton 1969 , Linklater 1966 , although Aune (Aune and Normann 1970) has used the technique on a number of patients with 3;30 Jo:\ GJESSI:\G A:\]) P. J. TmILl)' peritoniti~ of widely varying aetiolog~'. Linklater (I!HiH), did make a precient sugge~tion that this technique might 1)(' of \'alue if u~ed earlier in cases of massi\'e peritonitis. Se\'eral very favourable reports have appeared of the results of continued peritoneal lavage in experimentally induced peritonitis (Sc!nllller et (If. ] !Hi·l, Caridis and ~lathl'son Hlfi8). This report i~ the first in \\'hicll this technique has been applied in a large series of patients with a common cause of their peri ton i t i~.
Continuous peritoneal lavage is not without hazard. These hazards arise from disturbances in fluid balance and Jluicl overload, and in our experiencc of using the lavage trcatment for other conclitions, arisc when a hypotonic solution is used. \ \" e therefore prefer to use al·.'i 0 0 dialysatl~ solution. Since using mildly hypertonic solutions we have observed no changes in central venous pressure indicative of fluid O\'erloacl. The fluid balance disturbances consequent upon the peritonitis are corrected in the usual manner based upon the normal clinical and laboratory findings. However, the use of the lavage treatment does require that the nursing staff are skilled at monitoring and recording the fluid balance, particularly in view of the o\'erall size of the volume turnover of the lavage, and so treatment is probably best performed in the Intensive Care vVard. The duration that a patient need be in the Intensive Care \Varcl is not overlong so that overall this should not add materially to the \York load of such unib. In SundsvaU Hospital it ha~ added approximately 30 patient bed days per annum to the Intensive Care \Vard's work.
In these times of financial stringency the costs of the lavage therapy, at ·to litres of dialysate per patient, plus the cost of using an expensive Intensive Care \Vard bed, might be considered as excessive-yet much of this can be offset against the reduction in hospital costs occasioned by the reduction in time that the patient need stay in hospital, particularly if other surgical complications develop as the latter can be disproportionately expensive. This economic argument ignores the clinical benefit of a reduced morbidity.
Could the results have been due to the ampicillin in the dialysate? This is difficult to determine. All the patients, the dialysis treated and controls, received antibiotics intramuscularly from the time of operation since the diagnosis assumed was that of infective peritonitis. Nevertheless, there was a difference in the number of infected complications between the groups. Thus tIll' results could be explained on the ba~is that lavage treatll1ent was Cl 1110re etlecti\'e way of applYing the antibiotic to tIll' infected areas of the body, As the duration of treatment was not particularh' long, although this explanation cannot be ruled out, it is probably not the main reason for the beneficial results obscn'ed. Howe\'er, omitting the antibiotic would Ill' an unwise ~tl']l. Previous work (Gjessing HW7b) has shO\m that during peritoneal dialysis there is considerable migration of bacteria, occasional pathogenic bacteria. across the gut wall although this does not necessarily induce a major inflammatory reaction. The addition of antibiotics to tIll' dialysate effedinl), reduces this although may not abolish it. It would seem likely that the antibiotic added to the dialysate acts as a bacteriostat rather than a bacteriocide. It may not necessarily cure areas of local sepsis but It will at least prcnnt their dissemination across the peritoneum. and the mechanical action of the lavage therapy would remove significant quantities of infected debris.
